In this paper we propose convergence and stability properties of Euler method for solving fuzzy stochastic differential equations under generalized differentiability concept. It is used to find the analytical solution of method for some fuzzy stochastic differential equations (FSDEs). The related theorems and properties are proved in detail and the method is illustrated by solving some examples.
Introduction
Fuzzy stochastic differential equations (FSDEs) deal with the real phenomena not only with randomness but also with fuzziness. Puri and Ralescu introduced fuzzy set-valued random variable in [8] . In the literature, it contains different definitions of fuzzy random variables. Kwakernaak has proposed the concept of fuzzy random variable for the first time [15] . Further, it was used by Kruse and Meyer [16] . In [8] , there appear two notions of measurability of fuzzy mappings. The relations between different concepts of measurability for fuzzy random variables are contained in the papers of Colubi et al. [18] , Terán Agraz [17] , López-Díaz and Ralescu [19] . Marek T. Malinowski considered the fuzzy stochastic differential equations (FSDEs) under suitable conditions the Peano type theorem on existence of solutions and show their application by an example [3] . In [3, 4, 5, 6] , the authour consider the fuzzy random differential equation with initial value.
  
x ′ (t, ω) [a,b] ,P.1 = f ω (t, x(t, ω)),
where f : [a, b] × Ω × E → E and the symbol ′ denotes the fuzzy derivative is understood in the sense of Puri and Ralescu [8] . The existence and uniqueness of a Cauchy problem is then obtained under an assumption that the coefficients satisfy a condition with the Lipschitz constant. Marek T. Malinowski showed that if f is continuous and f ω (t, x) satisfies the Lipschitz condition with respect to x, then there exists a unique local solution for the fuzzy random initial value problem (1.1). In [20] the existence and uniqueness of the solution for RFDEs with non-Lipschitz coefficients is proven. Inspired and motivated by T. Allahviranloo et.al [9, 10, 12, 13] and Marek T. Malinowski [3, 4, 5, 6] , we consider the existence and uniqueness results for random fuzzy differential equations. For the existence and uniqueness, we use the method of successive approximations. Some kind of boundedness of solution is established. We provide examples to illustrate the results.
Preliminaries
The basic definition of fuzzy numbers is given in [21] . We denote the set of all real numbers by R and the set of all fuzzy number on R is indicated by E. A fuzzy number is a mapping u : R → [0, 1] with the following properties:
is the support of the u, and its closure cl(supp u) is compact. An equivalent parametric definition is also given in [7, 11, 22] 
Moreover, we also can present the r-cut representation of fuzzy number as
According to Zadeh , s extension principle, operation of addition on E is defined by 2) and scalar multiplication of a fuzzy number is given by
The Hausdorff distance between fuzzy numbers given by d : [1] . Then, it is easy to see that d is a metric in E and has the following properties (see [8] ): 
.
If there exists Ω * ⊂ Ω such that P(Ω * ) = 1 and for every fixed ω ∈ Ω * it holds
where X,Y are stochastic processes, then we will write X(t, ω) = Y (t, ω) for every t ∈ [0, 1] with P.1. Here, we will consider an stochastic fuzzy initial value problem for every t ∈ [a, b] with P.1 as follows:
Therefore we have the following denition of the solution to (2.2). 
for every t ∈ [a, b],and every u, v ∈ E with P.1. Let X 0 : Ω → E be a fuzzy random variable such that for every t
where M is some non-negative constant. Then the fuzzy stochastic initial value problem (1.1) has two solutions (one differentiable as in Definition 2.1 and the other one differentiable as in Definition 2.2) X,Y where for every t ∈ [a, b]
and every ω ∈ Ω, the following successive iterations converge to these two solutions, respectively.
Proof. For every t ∈ [a, b] with P.1, we have
and for every n ≥ 1.
where
Thus, by successive substitution by (3.7), we have
Observe that for every n ∈ N ∪ {0} the functions X n (·, ω) : [a, b] → E are continuous with P.1. Indeed, X 0 (t, ω) does not depend on t, and for the right-sided continuity of X 1 (·, ω) we have
Similarly for the left-sided continuity one has
For everyn ≥ 2 by using (3.8), we have
when h ↘ 0,for every t ∈ [a, b) with P.1. for last term ↘ 0 which means almost surely (with respect to the measure P) convergence. Similar inequalities are obtained for d(X n (t − h, ω), X n (t, ω)) Hence appropriate right-sided and left-sided continuity with P.1 of the functions X n (·, ω), n ≥ 2, follows. Now we shall show that
with P.1. For every n 1 by using (3.5).
Multiplying both sides of (3.6) by 1 h and limiting as h ↘ 0 we have by Definition 2.1
and since X n (·, ω) is continuous, for h ↘ 0 the last term ↘ 0 which means that
thereby Similar to (3.9) we can obtain
which similar to (3.10) we get
Thereby X n (·, ω) is (i)-differentiable according to Definition 2.1 and for every t ∈ [a, b], we have
In the sequel we shall show that for the sequence X n (t, ω) the cauchy convergence condition is satised uniformly on the variable t with P.1, and as a consequence X n (·, ω) is uniformly convergent with P.1. For n > m > 0 with P.1. using (3.8) one obtains
The almost surely convergence of the series ∑ ∞ n=1 L n−1 (ω) (b − a) n (n)! implies that for any ε > 0 one can find n 0 > N, large enough, such that for n, m 0 with P.1 
and for every n ≥ 1
Similar to the above case, observe that for every n ∈ N ∪ {0} the functions
Multiplying both sides of (3.19) by 1 −h and limiting as h ↘ 0 we have by Definition 2.2,
We observe that
and since the functions Y n (·, ω) : [a, b] → ℜ F is continuous, for every n ∈ N ∪ {0}with P.1. for h ↘ 0 the last term ↘ 0 which means that
Similar to (3.19) we can obtain
which similar to (3.20) we get
Finally, it follows that Y n+1 is (ii)-differentiable with P.1 and 
Euler method
In this paper we consider numerical methods for the strong solution of fuzzy stochastic differential equations (FSDEs) driven by d-dimensional Wiener processes 
We have the explicit Euler method;
where t n = t 0 + nh n = 0, 1, ...., N) and h = (T − t 0 )/N. Corresponding to these Euler methods, there are three Euler methods for FSDE, namely 1) the explicit Euler method
2) the semi-implicit Euler
3) and the implicit Euler
Due to the specific nature of the Wienier process, considerable complications arise in a number of straightforward attempts to generalize methods for FODEs. one of the main difficulties in developing numerical methods for FSDEs arises when considering stiffness. Applying the explicit Euler methods for FODEs to the linear test equation y ′ = λ ⊙y, 
The numerical solution of the implicit Euler method converges to the exact solution of the corresponding right-point FSDE but not that of the It o SDE.[ ]
The composite Euler method
Thus in this paper, we introduce a modified method to improve upon the stability properties of the Euler methods. we call this method the composite Euler method and it is a combination of the semi-implicit Eulet method and the implicit Euler method, given by
that is, The composite Euler method with Criterion 1 is called the composite Euler method of type 1.
Convergence properties
The solution of FSDE (2.2) can be written as
where the integral
is a fuzzy stochastic integral. This integral can be calculated by the limit of the approximating sums. Giving an equidistant discretization of interval [0, T ].
and letting ξ n = θ n + (1 − θ )t n−1 (θ ∈ [0, 1]), the fuzzy stochastic integral is defined as the limit (in the mean-square sense), as N → ∞, of the approximating sums
) Unlike Riemann integrals, the valus of fuzzy stochastic integrals depend on the choice of θ . For example, the fuzzy stochastic integral of the Wiener process is given by 
The backward integrals when θ = 1. The corresponding right-point FSDEs[..] are denoted by
The relationships between these FSDEs are
It can be proved that the numerical solutions of the implicit Euler method for solving right-point FSDEs converge to the exact solutions of the right-point FSDEs with order O(h 1 2 ). Now, we consider the convergence properties of the composite Euler method applying to the linear test equation ( ), given by
Let
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It can be proved that R N converges to zero in mean-square sense, namely 
Examples
In this section, we consider several examplese given solutions of the Euler method for fuzzy Stiff stochastic differential equation under generalized differential ability. ) .
If y is (ii)-differential then the exact solution is y(t, r) = ( y 0 (r)e ) .
where y is (i)-differential then length support solution y(t) wh t → ∞ then y(t) → +∞. Therefore,where y is (ii)-differential then length support solution y(t) when t → ∞ then y(t) → 0. ) .
If y is (ii)-differential then the exact solution is y(t, r) = ( y 0 (r)e −t+W (t) , y 0 (r)e
−t+W (t)
) .
where y is (i)-differential then length support solution y(t) wh t → ∞ then y(t) → ∞. Therefore,where y is (ii)-differential then length support solution y(t) when t → ∞ then y(t) → 0.
Conclusion
Developing convergence and stability properties Euler method, is provided solutions to fuzzy stochastic initialvalue problems for first order linear fuzzy stochastic differential equations which is interpreted by using generalized differentiability concept. This may confer solutions which have a decreasing length of their support.
